UNCLASSIFIED
Introduction
The development of Shell 405 Catalyst made practical the use of hydrazine as a high energy monopropellant in trusters for space vehicles, and in gas generators for a variety of auxiliary and emergency functions. Over the years the inherent simplicity and other advantages of the hydrazinecatalyst system has led to growina use of Shell 405 Catalvst, notablv in space applications. The present study was promoted in part by the possibilities of extending the uses of Shell 405 Catalvst and hydrazine into applications in which the reguirenents would surpass the limits of reliable performance of the current catalyst, but that might be met by a longer-life or otherwise more durable modification.
The NASA-sponsored study 1 ' that led to Shell 405 Catalyst was directed toward finding a catalytic agent which would initiate hydrazine decomposition, have short ignition delay and multiple restart capability at low temperatures, and have good thermal end mechanical stability. Catalyst performance was measured by a liouid hydrazine activity test and by short-duration test firings in a small reactor.
The present study, sponsored by the AFRPL, was directed toward improving the operating life of the catalyst, measured by its maximum repetitive cold start capability. Most of the catalysts prepared for this study with different supports or under different than standard process conditions were prepared under AFRPL contract F04611-70-C-0020 (see Reference 2). Some additional samples with adjusted iridium metal loadings or processing technigues (reduction and decomposition) were to be made on the present contract. However, only five samples, three with different metal loadings and one rtandard laboratory and one plant production catalyst were requested. These were prepared by Shell Development Company and were evaluated through engine firings and laboratory activity tests at AFRPL.
Catalyst Preparations
All of the test catalysts (except the standard plant product) were prepared in the laboratory in accordance with established Shell 4UF Catalyst manufacturing procedures and quality control, except for modifications in apparatus and conditions that were necessary for small-scale preparations. Besides the standard laboratory preparation (11724-114) containing 31.6% iridium, three other experimental catalysts were prepared containing 35.5%, 44.2% and 55.1% iridium, respectively (11724-110 to 112). Early results of performance tests on catalysts with high levels of metal indicated improved life; it appeared that these three additional samples would help in optimizing the iridium content.
Catalyst Analyses and Properties
The composition and physical data for these catalysts are summarized in Table 1 along with similar data for one standard plant product, another standard laboratory product made in the earlier work 2 ), and the Reynolds RA-1 alumina support used to prepare these catalysts. A summary of test methods is given in Appendix II. In addition, the plots of Adsorntomat measurements for the three experimental catalysts 11724-110 to 112 appear in Appendix III.
Based on the data shown in Table 1 of this report and in Table 2 of the earlier report 2 ), it appears that hydronen chemisorption reaches a maximum at an iridium level of about 33%.
Recommendations
Performance loss in a monopropellant hydrazine/catalyst engine occurs by catalyst break-up and loss out the nozzle and/or by catalyst deactivation. Shell 405 Catalyst was developed primarily to give multiple cold starts, and the best support for this catalyst necessarily had high surface area. A catalyst which would be more resistant to attrition can presumably be made from a harder support than Reynolds RA-1 alumina, but high surface area (and activity) probably must be sacrificed to achieve this. Some engine firing results suggest that a major cause of catalyst break-up results from internal pressures which develop inside the catalyst pores during cold starts or periods of heavy bed-loading. Experiments can be designed and should be performed to demonstrate whether this is so. Positive results would clearly indicate a need for a trade-off between cold starts and high bed loading on the one hand ?.nd lonq life on the other 
Hydrogen Chemisorption
The amount of hydrogen chemisorbed by a weighed sample is measured by the dynamic method of Nelson and Eggertsen.
8 ) The apparatus used consists of a sample cell, thermal conductivity bridge, recorder and associated equipment as needed to pass gas over the sample under various conditions. The sample is reduced in hydrogen at 500°C and then cooled to 0°C in an argon stream containing 1 percent hydrogen while the composition of the exit gas is recorded. Hydrogen is taken out of the gas stream by chemisorntion in this step. After the chemisorption is complete, as shown by the return of the gas composition to its original level, the sample is heated to 500°C to release the chemisorbed hydrogen. The amount evolved is measured by comparina the area under the peak in the composition-time curve to a calibration curve prepared from areas obtained by the addition of known amounts of hydrogen to the gas stream. The precision is ±5 percent. The accuracy has not been established. 
